Identification and characterization of R2R3-MYB and bHLH transcription factors regulating anthocyanin biosynthesis in gentian flowers.
Gentian plants have vivid blue-colored flowers, caused by accumulation of a polyacylated anthocyanin 'gentiodelphin'. We previously performed expression analysis of gentiodelphin biosynthetic genes, and hypothesized that the white-flowered gentian cultivar 'Polarno White' might have resulted from the mutation of certain regulatory factors responsible for anthocyanin biosynthesis in flower petals. In this study, we isolated 26 R2R3-MYB gene fragments including four full-length cDNAs (GtMYB2a, GtMYB2b, GtMYB3 and GtMYB4) and one basic helix-loop-helix (bHLH) gene (GtbHLH1) from blue-flowered gentian by degenerate PCR and rapid amplification of cDNA ends (RACE). Phylogenetic tree analysis showed that GtMYB3 was categorized into a clade involved in anthocyanin biosynthesis including petunia AN2 and Arabidopsis PAP1. On the other hand, GtbHLH1 exhibited high identity with petunia AN1 based on both phylogenetic and genomic structural analyses. Temporal profiles of GtMYB3 and GtbHLH1 transcript levels corresponded well with those of gentiodelphin accumulation and their biosynthetic genes in petals. Yeast two-hybrid analysis showed that GtbHLH1 interacted with GtMYB3. Moreover, transient expression analysis indicated that the co-expression of GtMYB3 and GtbHLH1 could enhance the promoter activities of late anthocyanin biosynthetic genes in tobacco BY2 cells. We also revealed that in cv. 'Polarno White' the GtMYB3 genes were mutated by insertions of transposable elements or uncharacterized sequences, indicating that the white coloration was caused by GtMYB3 mutation. These results strongly suggested that GtMYB3 and GtbHLH1 are involved in the regulation of gentiodelphin biosynthesis in gentian flowers.